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Purpose: CREB, MYCY1 and NAT10 are involved in cancer cell migration. However, the
relationship between these three proteins and their role in laryngeal cancer cell migration
remains unknown.

Methods: Transient gene transfection was performed in laryngeal cancer cells. Bioinformatics
analysis was used to predict the binding of CREB to MYCT1 promoter. Binding of CREB to
the promoter of MYCT1 was monitored by luciferase reporter assay and chromatin immuno-
precipitation method in vitro and in vivo, respectively. Real-time RT-PCR and Western bolt
were applied to detect gene transcription and translation levels, respectively. Laryngeal cancer
cell migration was assayed by transwell chamber experiment.

Results: CREB protein expression was significantly up-regulated in laryngeal cancer tissues
and associated with cancer differentiation, tumor stage, and lymphatic metastasis. CREB inhib-
its MYCT]1 expression by direct binding to its promoter. Meanwhile, MYCT1 has a negative
impact on the NAT10 gene expression. Furthermore, CREB promotes NAT10 expression via
down-regulating the MYCT1 gene expression. In addition, contrary to MYCT1, CREB and
NAT10 enhanced laryngeal cancer cell migration. MYCT1 and NAT10 significantly rescued
the effects of CREB and MYCT1 on Hep2 cell migration, respectively.

Conclusion: CREB promotes laryngeal cancer cell migration via MYCT1/NAT10 axis, sug-
gesting that CREB might be a potential prognostic marker in laryngeal cancer.
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Introduction

Cancer is the second leading cause of death throughout the world.! The prognosis of cancer
patients is still poor because of the high frequency of cancer metastasis and recurrence.??
Studies have shown that cancer metastasis is related to abnormal gene expression and
function in some signaling pathways.* ¢ However, the molecular mechanisms of cancer
metastasis remains vague. Thus, a better understanding of the molecular mechanisms
responsible for cancer metastasis is crucial for identifying molecular targets to predict
cancer prognosis.

Previous studies have revealed that CREB and NAT10 are associated with the migra-
tion of cancer cells. For example, Yang et al reported that CREB mediates liver cancer
cell migration.” Singh et al found that CREB plays a vital role in human breast cancer cell
migration.® CREB also participates in the epithelial-to-mesenchymal transition (EMT)
of bladder cancer.’ Li et al discovered that CREB increases cancer cell migration.'® In
colorectal cancer, the subcellular redistribution of NAT10 promotes cancer cell motility
and NAT10 expression is correlated with invasive potential and poor clinical outcome,
suggesting that NAT10 may be a useful prognostic marker and potential therapeutic
target.!! In hepatocellular cancer, NAT10 mediates EMT and promotes metastasis. '

submit your manuscript
e
in

Dove

http:

OncoTargets and Therapy 2018:11 1323—1331 1323
© 2018 Thang et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php

T2 2nd incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work you
hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For permission
for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
http://dx.doi.org/10.2147/OTT.S156582
https://www.facebook.com/DoveMedicalPress/
https://www.linkedin.com/company/dove-medical-press
https://twitter.com/dovepress
https://www.youtube.com/user/dovepress
mailto:18909882737@163.com
mailto:wnfu@cmu.edu.cn

Zhang et al

Dove

In our previous work, we found that MYCT1 over-
expression could inhibit laryngeal cancer cell migration.'
However, the molecular mechanism of MYCT1 in laryngeal
cancer cell migration is still unclear. In this study, we found
a potential CRE binding site in the promoter of MYCT1
using bioinformatics analysis. Based on protein microarray
detection, we discovered that NAT10 was down-regulated by
MYCTTL in laryngeal cancer cells. Therefore, we speculate
that CREB may participate in laryngeal cancer cell migration
through MYCT1/NAT10 axis in laryngeal cancer.

Material and methods

Tissues and cell lines

Laryngeal cancer tissues and paired normal tissues were
obtained from 35 patients in the Department of Otolaryn-
gology, No 463 Hospital of PLA. All tissues were stored
at —80°C immediately after being removed from the patients.
All patients gave their written informed consent and the study
was approved by the Ethics Committee of China Medical
University. Human laryngeal cancer Hep2 cells were com-
mercially purchased from the KeyGEN BioTECH Company
(Nanjing, People’s Republic of China). Hep2 cells were
cultured in RPMI 1640 (Thermo Fisher Scientific, Waltham,
MA, USA) with 10% new-born calf serum (Hyclone, Logan,
UT, USA) in a humidified atmosphere at 37°C in 5% CO,.

Bioinformatics prediction and plasmid construction

Two online software programs, TFSEARCH (http:/www.
cbre.jp/research/db/TFSEARCH.html) and JASPAR (http://
jaspar.genereg.net/) were used to predict the possible tran-
scription factors targeting MYCT 1. Two fragments of MYCT1
5’-flanking sequence, —795/+12(P795) and —760/+12(P760),
were cloned into pGL3-Basic vector (Promega Corporation,
Fitchburg, WI, USA) by GenScript Company (Nanjing,
People’s Republic of China). Complementary DNA frag-
ments encoding human CREB, MYCT1, and NAT10 were
constructed into pcDNA3.1 vector (GenScript Company).

Gene transfection

For transient transfection, Hep2 cells were transfected with
the pcDNA3.1, pcDNA3.1-CREB, pcDNA3.1-MYCT]1 or
pcDNA3.1-NAT10 using Lipofectamine 3000 (Thermo
Fisher Scientific). After 48 h of transfection, cells were
harvested for further use.

RNA isolation and real-time polymerase

chain reaction (PCR) detection
Total RNA was extracted from Hep2 cells using Trizol
reagent (Takara, Dalian, People’s Republic of China). RNA

concentration was measured by reading the absorbance at
OD 260/280 nm. Real-time PCR detection was performed
as previously described.'* All primer sequences used in the
study are listed in Table 1. PCR conditions were as follows:
95°C for 30 s, followed by 40 cycles of 95°C for 5 s and
60°C for 30 s in ABI 7500 Real Time PCR system (Thermo
Fisher Scientific). The transcription level of each gene was
normalized by GAPDH as an internal control.

Western blot analysis

Protein was isolated from tissues and cells were subjected
to sonication in ice-cold radio immunoprecipitation assay
lysis buffer. Denatured protein was separated on sodium
dodecyl sulfate-polyacrylamide gel and transferred to a
polyvinylidene fluoride (PVDF) membrane (Millipore,
Billerica, MA, USA). After blocking with 5% skim milk in
tris buffered saline tween buffer for 2 h at room tempera-
ture, the samples were incubated with primary antibodies
including CREB (Cell Signaling Technology, Danvers,
MA, USA [9197]), MYCT!1 (Abcam, Cambridge, UK
[ab139945]), NAT10 (Santa Cruz Biotechnology Inc., Santa
Cruz, CA, USA [sc-271770]) and GAPDH (Santa Cruz
Biotechnology Inc. [sc-365062]), followed by incubation
with appropriate peroxidase-coupled secondary antibodies.
Proteins on PVDF membrane were visualized using an ECL
kit (Thermo Fisher Scientific, Waltham, MA, USA). The
relative integrated density values were calculated by Imagel
software and normalized with GAPDH.

Luciferase reporter assay

Hep2 cells were co-transfected with pcDNA3.1-CREB and
MYCT-promoter plasmid or Renilla. After transfection
for 48 h, luciferase activities were analyzed using the Dual-
Luciferase Reporter kit (Promega Corporation).

Table | Primer sequences used in the study

Name Sequence

CREB-Forward primer 5-ACATTAGCCCAGGTATCTATG
CCAG-3’

CREB-Reverse primer 5-CCTGAATGACTCCATGGACTT
GAAC-3’

5-GCCAGAAAACTTTTGGGAGGA-3’
5-ATCCAGTTCTGTTGAGGCCG-3’
5-GGGATTGGCCTGCAGCATA-3’
5-GGCTCCATGACCACATCCTT-3’
5-TGGCACCCAGCACAATGAA-3’
5-CTAAGTCATAGTCCGCCTAGA
AGCA-3’
5-ATAGTGGCCGAGCGCAGT-3’
5-CACACCCGGCTAATTTTTGT-3’

Abbreviation: ChIP, chromatin immunoprecipitation.

MYCT |-Forward primer
MYCT I-Reverse primer
NAT [0-Forward primer
NAT 10-Reverse primer
GAPDH-Forward primer
GAPDH-Reverse primer

ChlIP-Forward primer
ChlP-Reverse primer
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Chromatin immunoprecipitation

(ChlP) assay

ChIP was performed using the ChIP express kit (Millipore).
Briefly, Hep2 cells were fixed with 1% formaldehyde for
10 min. Immunoprecipitation was done with anti-CREB and
anti-IgG antibodies. DNA was purified using spin columns
and amplified by PCR. The primer sequences used in ChIP
detection are also shown in Table 1.

Cell migration assay

Cell migration was assayed using a 24-well transwell cham-
ber with a pore size of 8§ um (Corning Life Sciences, Corning,
NY, USA). Cells were re-suspended in serum-free medium
and then seeded on the top chamber. Medium with serum
was added to the lower chamber as the chemoattractant. The
cells on the lower chamber were fixed and then stained with
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Figure | Expression of CREB in LSCC tissues.

Giemsa. The number of migrated cells was visualized and
counted in randomly selected fields under a microscope.

Statistical analysis

All results are expressed as mean + SD. Data were ana-
lyzed using Student’s #-test or one-way analysis of variance
(ANOVA) by SPSS 19.0 (IBM Corporation, Armonk, NY,
USA). P<<0.05 was considered statistically significant.

Results
CREB expression in laryngeal cancer

tissues

To explore the expression of CREB in laryngeal cancer
tissues, Western blot was performed. The results showed
that CREB was up-regulated in 28 of 35 (80%) laryngeal
cancer tissues (Figure 1A). Statistically, CREB protein was
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Notes: (A) CREB protein level in laryngeal cancer by Western blot. N, paired normal tissues; T, tumor tissues. Number in blue color indicates the tissue from the patient
with metastasis. (B) Statistical analysis of CREB protein levels in laryngeal cancer. (C) Relative protein levels of CREB in cancer tissues of patients with metastasis and

non-metastasis. ***P<<0.001.
Abbreviation: LSCC, laryngeal squamous cell carcinoma.
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significantly over-expressed in laryngeal cancer tissues in
comparison with paired normal tissues (Figure 1B). More-
over, CREB protein expression was significantly higher in
laryngeal cancer patients with lymphatic metastasis than in
those without lymphatic metastasis (Figure 1C). In addition to
lymphatic metastasis, we also found that CREB protein
expression was significantly correlated with differentiation
and tumor stage (Table 2), but not with age and gender
(Table 2). These results suggested that CREB participates
in the development of laryngeal cancer.

CREB directly inhibits MYCT | transcription
The results from TFSEARCH and JASPAR search programs
revealed a CRE between —785 and =778 of MYCT 1 promoter
(Figure 2A), suggesting that MYCT] is a potential target of
CREB. We then constructed two expression vectors includ-
ing —795/+12 (pGL3-P795) and —760/+12 (pGL3-P760)
around the CRE region. Luciferase reporter gene assay
results showed that the promoter activity of pGL3-P795
was significantly lower than that of pGL3-P760 (Figure 2B).
Furthermore, the pGL3-P795 promoter activity was signifi-
cantly decreased in CREB-transfected Hep2 cells compared
to the control (Figure 2C). Both real-time PCR and Western
blot results indicated that MYCT1 mRNA and protein levels
in Hep?2 cells transfected with CREB were significantly lower
than those in the controls (Figure 2D and E). Chromatin
immunoprecipitation detection results demonstrated that PCR
product spanning the MYCT1 CRE sequence precipitated by

Table 2 Association of CREB expression with clinical charac-
teristics in LSCC

Clinicopathological N CREB expression P-value

characteristics (mean * SD)

Age (years) 0.328
<60 15 0.982+0.630
=60 20 1.232+0.810

Gender 0.583
Male 28 1.161£0.790
Female 7 0.986+0.506

Differentiation <0.001
Well differentiated I 0.811+0.491
Moderately and poorly 24 1.813+0.491
differentiated

TNM classification <0.001
I+1 16 0.660+0.491
1 +1v 19 1.518+0.690

Lymph node metastasis <0.001
Positive 13 1.797+0.681
Negative 22 0.729+0.419

Note: One-way ANOVA was used to analyze the correlation between the CREB
expression and clinical features of each patient.
Abbreviations: ANOVA, analysis of variance; LSCC, laryngeal squamous cell carcinoma.

anti-CREB primary antibody was obtained compared to the
controls (Figure 2F). Thus, we conclude that CREB inhibits
MYCT1 expression by direct binding to MYCT1 promoter.

CREB up-regulates NAT |0 expression via

repressing MYCT | expression

To further explore the downstream protein of MYCT1, a pro-
tein microarray was performed in two kinds of Hep2 cells
transfected with pcDNA3.1-MYCT1 vector and pcDNA3.1-
vector. The results showed that over 400 proteins were dif-
ferentially expressed (Table S1). In particular, NAT10 was
one of the most significantly down-regulated proteins in Hep2
cells with MYCT1 over-expression (Table S1). We found
that MYCT1 could be down-regulated by CREB (Figure 2).
Thus, we hypothesized that CREB may promote NAT10
expression by down-regulating MYCT1 gene expression.
Compared to the controls, MYCT1 and CREB were signifi-
cantly over-expressed both at mRNA and protein levels in
Hep2 cells transfected with MYCT1 and CREB, indicating
that transfection was successful (Figure 3A-D). We then
detected the effects of MYCT1 and CREB on NATI10
expression in Hep2 cells. Results showed that MYCT1 and
CREB significantly inhibited and enhanced the NAT10 gene
expression in Hep2 cells compared to the controls (Figure 3E
and F). Meantime, MYCT1 significantly rescued the effect
of CREB on NAT10 expression both at mRNA and protein
levels in Hep2 cells (Figure 3E and F). Taken together, these
results indicate that CREB promotes NAT10 expression via
down-regulating the MYCT1 gene expression.

CREB promotes laryngeal cancer cell

migration via MYCT I/NAT |0 axis

We then investigated the roles of CREB, MYCTI1, and
NATI10 in laryngeal cancer cell migration. The results
showed that numbers of migrated Hep2 cells transfected
by CREB and MYCT1 were significantly increased and
decreased compared to the controls, respectively, and
MYCTT1 significantly rescued the effect of CREB on Hep2
cell migration (Figure 4A). Similarly, NAT10 and MYCT1
significantly promoted and suppressed the Hep2 cell migra-
tion, respectively, and NAT10 significantly rescued the
effect of MYCT1 on Hep2 cell migration (Figure 4B). Taken
together, we conclude that CREB promotes laryngeal cancer
cell migration via MYCT1/NAT10 axis.

Discussion
CREB transcription factor,amember of the CREB/ATF family,
plays a key role in cell growth, proliferation, differentiation,
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Figure 2 CREB inhibits MYCT] transcription.

Notes: (A) Transcription factor CREB binding sites present in the MYCT | promoter region. (B) MYCT | promoter activity analysis. Hep2 cells were transfected with pGL3-
P760 or pGL3-P795, followed by a luciferase reporter assay. Firefly luciferase activity was normalized to Renilla luciferase activity. (C) Effect of CREB on pGL3-P795 activity.
pcDNAZ3.1 vector or pcDNA3.1-CREB was co-transfected with pGL3-P795 into Hep2 cells, followed by a luciferase reporter assay. (D) Effect of CREB on MYCT| mRNA
level. MYCT| mRNA level was detected by qRT-PCR in Hep2 cells transfected with pcDNA3.| or pcDNA3.1-CREB. (E) Effect of CREB on MYCT | protein level. MYCTI
protein level was examined by Western blot in Hep2 cells transfected with pcDNA3.| or pcDNA3.[-CREB. (F) Binding of CREB to MYCT in vivo. DNA fragments from
Hep2 cells were amplified by PCR based on immunoprecipitation with anti-IgG or anti-CREB antibodies. **P<<0.01; **P<0.001.

Abbreviations: IDVs, integrated density values; qRT-PCR, quantitative reverse transcription-polymerase chain reaction.

apoptosis, and migration in human diseases.®>"'* However,
studies on CREB in laryngeal cancer are seldom reported. In
our study, we demonstrated that CREB is highly expressed
in the laryngeal cancer tissues and is positively correlated
with cancer metastasis. Consistent with our results, CREB is

over-expressed in different kinds of cancer such as gliomas,
ovarian adenocarcinoma, liver cancer, and colorectal
cancer.?*?

Based on the bioinformatics analysis, we found that

MYCT]1 is a potential target of CREB. Luciferase reporter
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Figure 3 CREB up-regulates NAT |0 expression via repressing MYCT | expression.

Notes: (A) MYCTI mRNA level in MYCY |-transfected Hep2 cells by real-time PCR method. (B) MYCTI protein level in MYCY I-transfected Hep2 cells by Western
blot detection. (C) CREB mRNA level in CREB-transfected Hep2 cells by real-time PCR method. (D) CREB protein level in CREB-transfected Hep2 cells by Western blot
detection. (E) Effects of CREB and MYCT | on NAT 10 mRNA level in Hep2 cells by real-time PCR method. (F) Effects of CREB and MYCT | on NAT 0 protein level in Hep2
cells by Western blot detection. **P<<0.01; ***P<<0.001.

Abbreviation: IDVs, integrated density values.
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results showed that CRE is a negative response element
within MYCT1 promoter region. In Hep2 cells, CREB inhib-
ited MYCT]1 expression. ChIP assay results indicated that
CREB directly binds the CRE sequence of MYCT1. These
results suggest that CREB represses MYCT1 expression by
directly binding to MYCT1 promoter. In our previous work,
we found that MYC and YY1 directly promote and inhibit
the transcription activities of MYCT1 in Hep2 cells.'*** In
addition to MYCT], there are other targets of CREB. For
example, CREB is a positive transcript factor by binding to
the promoters of HULC and YAP in liver cancer.?>* On the
contrary, CREB is a negative regulator of CA9 and AP2-
alpha in gastric cancer and melanoma.?*?’

In the study, we discovered that MYCT1 suppresses
NATI10 expression in Hep2 cells, further validating our
protein microarray detection result. Moreover, CREB up-
regulates NAT10 expression in Hep2 cells and the effect is
rescued by MYCT], suggesting that there exists a CREB/

MYCT1/NAT10 axis in laryngeal cancer cells. We also found
that both CREB and NAT10 enhanced laryngeal cancer cell
migration contrary to MYCT1. Furthermore, MYCT1 and
NATI10 could rescue the effects of CREB and MYCT]1 on
Hep2 cell migration. These results imply that CREB partici-
pates in Hep2 cell migration via MYCT1/NAT10 axis.

Several studies have reported that CREB is involved in
some cancer metastasis through different signaling pathways.
In colorectal cancer, miR-199a is associated with distant
metastasis via activation of SIRT1 and inhibition of CREB/
KISS1 signaling.”® In ovarian cancer, calcium dependent
FAK/CREB/TNNCI axis mediates the effect of MFAP5 on
cancer metastatic potential.

In this study, we first found that CREB protein expres-
sion is up-regulated and correlated with differentiation,
tumor stage, and lymphatic metastasis in laryngeal cancer
tissue. The novel CREB/MYCTI1/NATI10 axis participates
in laryngeal cancer cell migration. However, the mechanism

OncoTargets and Therapy 2018:1 |
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ofhow MYCT1 regulates NAT10 expression is still unclear,
which is a key problem to be solved in our future studies.

Conclusion

Taken together, our results indicate that CREB up-regulates
NAT10 expression via inhibiting MYCT1 transcription lead-
ing to laryngeal cancer cell migration. CREB may serve as a
critical target in prediction of laryngeal cancer prognosis.
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